Introduction
============

According to the guidelines of the European Glaucoma Society, "the goal of glaucoma treatment is to maintain the patient's visual function and related quality of life (QoL), at a sustainable cost."[@b1-opth-9-007] In medically uncontrolled chronic open angle glaucoma, the gold standard for reducing intraocular pressure is trabeculectomy (TE), a type of penetrating glaucoma surgery. Unfortunately, this is associated with severe intraoperative and postoperative complications, such as overfiltration with hypotony and further complications like wound leak, bleb scarring, revision surgery, and blebitis.[@b2-opth-9-007]

A newer surgical procedure avoiding severe bleb-related complications is canaloplasty (CP), a nonpenetrating surgical method. The aims of this surgery are to restore the natural outflow pathways and to achieve blebless intraocular pressure control.[@b3-opth-9-007] The rate of complications is lower than with TE,[@b4-opth-9-007] but CP comprises surgery-specific complications such as detachment of Descemet's membrane.[@b5-opth-9-007]

Assessment of QoL and patient satisfaction is becoming increasingly important in the decision-making process regarding the choice of a therapeutic procedure. There are currently several ways to measure QoL. Some are very general in nature. Others have been developed specifically for ophthalmologic use (eg, the Visual Function Index[@b6-opth-9-007]). With regard to glaucoma, there are some established questionnaires, eg, the Glaucoma Quality of Life--15 Items or the Glaucoma Symptom Scale,[@b7-opth-9-007],[@b8-opth-9-007] but none address glaucoma surgery-related issues.

The aims of this study were to evaluate QoL and patient satisfaction after glaucoma surgery and to determine whether there were any differences between CP and TE. A new QoL questionnaire was developed specifically for this study.

Materials and methods
=====================

Patients
--------

For this cross-sectional retrospective study, we consecutively selected patients with primary open angle glaucoma undergoing either trabeculectomy with mitomycin C or canaloplasty between 2008 and 2010. Phacotrabeculectomy and phacocanaloplasty was performed in 20.4% (31 of 121 trabeculectomy patients) and 35.8% (63 of 113 canaloplasty patients), respectively. The surgeries were carried out by one of three surgeons: NK, FG, or TK. The study was approved by University of Würzburg's institutional review board, and all patients provided written informed consent.

QoL questionnaire
-----------------

In order to assess the influence of surgery on daily activities, postoperative complaints, subjective outcomes of surgery, rate of revision surgeries, patients' postoperative mood, and the influence of postoperative care on QoL, a questionnaire with different subscales was developed. We have used the following existing and established questionnaires[@b8-opth-9-007]--[@b16-opth-9-007]: Glaucoma Symptom Scale, Visual Activities Questionnaire, Impact of Vision Impairment, National Eye Institute--Visual Functioning Questionnaire, National Eye Institute--Visual Functioning Questionnaire--25 items, Glaucoma Health Perception Index, Glaucoma Quality of Life--15 items, Activities of Daily Vision Scale, and Visual Function Questionnaire--14 items. Additionally, surgery-specific questions developed by expert consensus (three glaucoma surgeons: NK, FG, and TK) were included. The QoL questionnaire (Supplementary material) was mailed to the patients 24 months after surgery. The aim of the QoL measures was to assess patients' perceptions of their visual function, visually related complaints, nonvisual ophthalmic complaints, and overall topics related to surgery and daily life. The questionnaire included 21 items that are listed in [Table 1](#t1-opth-9-007){ref-type="table"}.

The first 13 items and items 15, 16, and 20 of [Table 1](#t1-opth-9-007){ref-type="table"} were scored on a five-level scale to report how surgery had interfered with the different activities and emotions. Scores were assigned as follows: 5 = not at all, 4 = slightly, 3 = partially, 2 = predominantly, and 1 = extremely. A score of 0 was assigned if the patient was not able to rate the activity. For item 14, patients could select two terms from a list of words associated with a negative meaning (eg, frustrated, helpless), a neutral meaning (eg, uncertain) or a positive meaning (eg, happy, carefree). Items 17 and 18 were scored on a three-level scale: 1 = more, 2 = equal, or 3 = less. Item 19 asked about the number of revision surgeries a patient required after the initial procedure. Patients were given ordinal options: zero, once, twice, three times, four times, or more than four times. Item 21 had ten levels, from 0 = totally discontent up to 10 = totally content.

Statistical analysis
--------------------

The data were analyzed with SPSS statistical software (version 16.0; SPSS Inc., Chicago, IL, USA). To compare the two treatment groups, Student's *t*-test and Pearson's chi-square test were performed after averaging the scores. Where appropriate, values are given as means ± standard deviation. Statistical significance was considered to be *P*≤0.05.

Results
=======

The questionnaire was sent to 423 patients (212 CP and 211 TE patients). A total of 327 patients returned the completed questionnaire (return rate of 75.8%). Of the 327 questionnaires, 175 were completed by CP patients and 152 by TE patients. This represents a balanced evaluation result, with 53.7% and 46.3% questionnaires being completed by CP and TE patients, respectively. Patients were aged 18--90 years (46.6% men, 53.4% women), with the 175 patients in the CP group consisting of 91 men and 84 women (aged 69.5±10.2 years) and the 152 patients in the TE with mitomycin C group consisting of 62 men and 90 women (aged 66.7±11.8 years).

Overall, canaloplasty patients had a higher QoL regarding positive postoperative mood, satisfaction with results of surgery, and lower rates of visual and nonvisual symptoms and stress caused by surgery or postsurgical treatment. No difference between trabeculectomy and canaloplasty was seen for restriction from social contacts and loss of independence.

The evaluation of visual ocular symptoms, such as change in visual acuity, reading newspapers, watching television, seeing in the dark, and driving were all significantly different in the two groups and were rated better in the canaloplasty group. Surgery interference with daily activities, eg, impairment in reading, was rated as much lower to nonexistent in the CP group ([Figure 1](#f1-opth-9-007){ref-type="fig"}). Likewise, there were differences in the nonvisual ocular symptoms, with significantly lower ratings of glare, burning and stinging of the eye, foreign body sensation, tearing, redness, and dryness in the CP group compared with the TE group ([Figure 2](#f2-opth-9-007){ref-type="fig"}). Further significant differences were observed in patients' mood (positive mood: 54% in the CP group versus 37% in the TE group, *P*=0.009) and the stress caused by surgery, with patients in the CP group being happier and less stressed about the surgery (84% versus 51% in the TE group, *P*\<0.001). The stress induced by the postsurgical care was also significantly lower after CP (14% versus 46% in the TE group, *P*\<0.001). In contrast, the differences in the number of follow-ups before and after surgery were comparable between the groups. Fifty-seven percent of the patients undergoing CP were highly satisfied with the results of surgery; in the TE group, this rate was 41%. Interestingly, the other side of the scale, which depicted patients who were not at all satisfied with the surgery, revealed 6% in the CP group and 3% in TE group. The significant differences in patient satisfaction are shown in [Figure 3](#f3-opth-9-007){ref-type="fig"} (mean ± standard deviation =8.09±2.71 in the CP group and 7.46±2.61 in the TE group; *P*=0.034). The rate of revision surgeries was significantly lower after CP (8% versus 35% after TE; *P*\<0.001).

Social functions, such as the restriction from social contacts, did not show significant differences between groups (*P*=0.766). The two treatment groups were also comparable for the perception of loss of independence (*P*=0.875), the expectation not to use drops anymore (*P*=0.631), and the difference in number of eye drops before and after surgery.

The full results are summarized in [Table 2](#t2-opth-9-007){ref-type="table"}.

Discussion
==========

The goals of glaucoma surgery are not only to reduce intraocular pressure, but also especially to maintain visual fields and visual acuity, preserving the patient's QoL and independence. It also aims to improve QoL, for example, by reducing the interference from the disease with daily life and by decreasing ophthalmic therapy along with associated ocular and systemic side effects and complications.

There are a few published studies evaluating QoL in glaucoma,[@b8-opth-9-007]--[@b16-opth-9-007] but none have compared CP with TE. This study evaluated the QoL of patients after glaucoma surgery.

Visually-related criteria were used, as found in the Glaucoma Quality of Life--15 items questionnaire.[@b14-opth-9-007] A significant difference was found in central vision activities, with CP showing less interference with those than TE. This might be explained by the postoperative complications of TE, such as hypotony, which are associated with a reduction in central vision. Nonvisual ocular symptoms were also considered, as in the Glaucoma Symptom Scale.[@b8-opth-9-007] Likewise, we found a significant difference between the CP and TE groups in the subscale of nonvisual symptoms, with better QoL in the CP group. The nonvisual ocular symptoms expressed mostly by patients in the TE group are probably related to the postoperative subconjunctival use of antiproliferative substances, such as 5-fluorouracil.

Follow-up visits and postoperative treatments are more common and extensive after TE, which might cause more discontent and stress. In this study, the stress caused by surgery, as well as by treatments and follow-up visits, was significantly higher in the TE group, a finding that is supported by a lower satisfaction rating in this group (41% highly satisfied after TE versus 57% after CP). Surprisingly, the analysis of the number of follow-ups before and after surgery revealed no significant difference between the two groups: 14.5% of patients in the TE group had to visit the ophthalmologist more often, compared with 7.5% in the CP group. This is in agreement with the data published by Taube et al[@b18-opth-9-007] regarding the number of postoperative visits and bleb revisions after TE.

A study by Ayyala et al[@b4-opth-9-007] showed no statistical difference when comparing the number of revision surgeries with CP and TE. In our cohort, the number of revision surgeries was significantly higher in the TE group. This result supports the known higher complication rate of TE and the greater need for revision surgeries in penetrating glaucoma surgery, as well as the findings of Lewis et al[@b5-opth-9-007] with a rare re-intervention after CP.

Activities of daily living and psychological aspects (individual experiences, emotions, and behavior), as used in the Glau-QoL 36-item questionnaire[@b17-opth-9-007] and in Jampel's Glaucoma Health Perception Indices,[@b19-opth-9-007] were also evaluated. There were no significant differences between the CP and TE groups for restriction of social contacts, self-esteem, or loss of independence. However, the postoperative mood was significantly better in the CP group, which may be related to a less-intensive need for postoperative care and revision procedures.

Overall, our study showed good results for maintenance of QoL after glaucoma surgery, with patients expressing high satisfaction with the outcomes of surgery both after CP and TE. A slight superiority of CP was noted, with a significantly higher satisfaction rate in the CP group. On the other hand, it should be pointed out that the percentage of completely unsatisfied patients was greater in the CP group than in the TE group. This fact may be related to greater expectations or to insufficient intraocular pressure reduction in this group.

Limitations of our study are its retrospective design, a common source of bias and confounding. We have focused only on QoL assessment following canaloplasty or trabeculectomy. Therefore, patients were not compared regarding severity of glaucoma, including preoperative intraocular pressure, visual acuity, number of medications, and previous ocular surgeries. Prospective long-term studies with a greater sample size and patients with comparable preoperative characteristics are needed to confirm these results.

In summary, our findings indicate that CP is associated with an overall lower impairment of QoL after surgery and with higher patient satisfaction than TE. Long-term data on intraocular pressure reduction after surgery are needed to confirm long-term patient satisfaction and cost efficiency with this new type of nonpenetrating surgery.

Supplementary material
======================

Quality of life questionnaire: trabeculectomy versus canaloplasty
-----------------------------------------------------------------

Question 1: Have you had a combined cataract and glaucoma surgery (trabeculectomy or canaloplasty)?

1.  ○ Yes

2.  ○ No

Question 2: Has your vision changed after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 3: How long did you stay in the hospital after surgery?

1.  ○ outpatient (6)

2.  ○ up to 3 days (5)

3.  ○ up to 5 days (4)

4.  ○ up to 7 days (3)

5.  ○ up to 14 days (2)

6.  ○ more than 14 days (1)

Question 4: How has the surgery influenced the following daily activities?

1.  Reading a newspaper/book ○ not at all (5)○ slightly (4)○ partially (3)○ predominantly (2)○ extremely (1)○ not rated (0)

2.  Watching TV ○ not at all (5)○ slightly (4)○ partially (3)○ predominantly (2)○ extremely (1)○ not rated (0)

3.  Seeing at night ○ not at all (5)○ slightly (4)○ partially (3)○ predominantly (2)○ extremely (1)○ not rated (0)

4.  Driving ○ not at all (5)○ slightly (4)○ partially (3)○ predominantly (2)○ extremely (1)○ not rated (0)

Question 5: Have you suffered from glare after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 6: Have you suffered from burning and stinging of the eye after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 7: Have you suffered from a foreign body sensation after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 8: Have you suffered from tearing after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 9: Have you suffered from a red eye after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 10: Have you suffered from a dry eye after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 11: How were your expectation fulfilled not to use eye drops after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 12: Do you take

1.  ○ more (1)

2.  ○ same (2)

3.  ○ less (3) eye drops after surgery?

Question 13: How stressful was the surgery for you?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 14: How stressful were the follow-up appointments and treatments after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 15: Have you had a second, third etc. surgery after the initial trabeculectomy or canaloplasty? If yes, how many

1.  ○ No (6)

2.  ○ one (5)

3.  ○ two (4)

4.  ○ three (3)

5.  ○ four (2)

6.  ○ more than four (1)

Question 16: Has your social life (eg, going out with friends) changed after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 17: Were you less independent (less control over own body, being a burden on others, loss of confidence in doing usual activities) after surgery?

1.  ○ not at all (5)

2.  ○ slightly (4)

3.  ○ partially (3)

4.  ○ predominantly (2)

5.  ○ extremely (1)

6.  ○ not rated (0)

Question 18: Number of follow-up appointments after surgery

1.  ○ less often (3)

2.  ○ same (2)

3.  ○ more often (1) than before surgery.

Question 19: How satisfied were you with the results of the surgery?

Scale = 0 (totally discontent) to 10 (totally content 0\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_10

Question 20: How is your mood after surgery? (not more than 2 words) frustrated -- annoyed -- anxious -- helpless -- worried -- doubtful satisfied -- happy -- cheerful -- worry-free -- glad -- confident

Question 21: How old are you? \_\_\_

When did you have the surgery (month/year)? \_\_\_\_\_\_\_

Are you

1.  ○ female

2.  ○ male

Thank you very much!
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![Quality-of-life-questionnaire: visual ocular symptoms.\
**Notes:** Change in reading, watching TV, driving, and seeing at night were scored on a five-level scale: 5 = not at all, 4 = slightly, 3 = partially, 2 = predominantly, 1 = extremely, 0 = not rated. A higher score defines few to no visual symptoms. Values are means and error bars indicate the standard deviation.\
**Abbreviations:** CP, canaloplasty; TE, trabeculectomy; TV, television.](opth-9-007Fig1){#f1-opth-9-007}

![Quality-of-life-questionnaire: nonvisual ocular symptoms.\
**Notes:** Glare, burning and stinging of the eye, foreign body sensation, dryness of the eye, and redness of the eye were scored on a five-level scale: 5 = not at all, 4 = slightly, 3 = partially, 2 = predominantly, 1 = extremely, 0= not rated. A higher score defines few to no nonvisual symptoms. Values are means and error bars indicate the standard deviation.\
**Abbreviations:** CP, canaloplasty; TE, trabeculectomy.](opth-9-007Fig2){#f2-opth-9-007}

![Quality-of-life-questionnaire: patient satisfaction with the results of surgery.\
**Notes:** Satisfaction with the surgery was scored from 0 = totally discontent up to 10 = totally content. A higher score defines a better overall satisfaction with the results of the surgery. Values are means and error bars indicate the standard deviation.\
**Abbreviations:** CP, canaloplasty; TE, trabeculectomy.](opth-9-007Fig3){#f3-opth-9-007}

###### 

Questionnaire items

  Item description                                                                                                                 Questionnaire                                        Subscale
  -------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------- ---------------------------
  1\. Change in visual acuity                                                                                                                                                           Visual ocular symptoms
  2\. Reading newspapers                                                                                                           NEI-VFQ-25, VF-14, VAQ, IVI, NEI-VFQ, GQL-15, ADVS   
  3\. Watching television                                                                                                          NEI-VFQ-25, VF-14, IVI, NEI-VFQ, GQL-15, ADVS        
  4\. Seeing at night                                                                                                              NEI-VFQ-25, VF-14, GSS, VAQ, GQL-15, ADVS            
  5\. Driving                                                                                                                      NEI-VFQ-25, VF-14, VAQ, NEI-VFQ, ADVS                
  6\. Glare                                                                                                                        GSS, VAQ, GQL-15, ADVS                               Nonvisual ocular symptoms
  7\. Burning and stinging of the eye                                                                                              NEI-VFQ-25, GSS, NEI-VFQ                             
  8\. Foreign body sensation                                                                                                       GSS                                                  
  9\. Tearing                                                                                                                      GSS                                                  
  10\. Redness                                                                                                                                                                          
  11\. Dryness                                                                                                                     GSS                                                  
  12\. Restriction of social contacts (attending social functions, meeting with friends)                                           VFQ25, IVI, NEI-VFQ, GHPI, GQL-15                    Self-care and social life
  13\. Loss of independence (less control over own body, being a burden on others, loss of confidence in doing usual activities)   NEI-VFQ-25, IVI, NEI-VFQ, GQL-15, ADVS               
  14\. Postoperative mood                                                                                                                                                               Emotional symptoms
  15\. Stress caused by surgery                                                                                                                                                         
  16\. Stress caused by postoperative care                                                                                                                                              
  17\. Difference in number of eye drops before/after surgery                                                                                                                           Results of surgery
  18\. Difference in number of follow-ups before/after surgery                                                                                                                          
  19\. Number of revision surgeries                                                                                                                                                     
  20\. Fulfilling of expectations not to use drops anymore                                                                                                                              Patient satisfaction
  21\. Satisfaction with results of surgery                                                                                                                                             

**Notes:** Items 1--13, 15, 16, and 20 were scored on a five-level scale: 5 = not at all, 4 = slightly, 3 = partially, 2 = predominantly, 1 = extremely, 0 = not rated. Item 14: Select two terms from a list of words associated with a negative meaning (eg, frustrated, helpless), a neutral meaning (eg, uncertain), or a positive meaning (eg, happy, carefree). Items 17 and 18 were scored on a three-level scale: 1 = more, 2 = equal, or 3 = less. Item 19: Number of revision surgeries after the initial procedure (zero, once, twice, three times, four times or more than four times. Item 21 had ten levels, from 0 = totally discontent up to 10 = totally content.

**Abbreviations:** ADVS, Activities of Daily Vision Scale; GHPI, Glaucoma Health Perception Index; GQL-15, The Glaucoma Quality of Life--15 items; GSS, Glaucoma Symptom Scale; IVI, Impact of Vision Impairment; NEI-VFQ, National Eye Institute--Visual Functioning Questionnaire; NEI-NEI-NEI-VFQ-25, National Eye Institute--Visual Functioning Questionnaire--25 items; VAQ, Visual Activities Questionnaire; VF-14, Visual Function Questionnaire--14 items.

###### 

Quality of life outcomes

                                                            Canaloplasty   Trabeculectomy   *P*-value[\*](#tfn3-opth-9-007){ref-type="table-fn"}               
  --------------------------------------------------------- -------------- ---------------- ------------------------------------------------------ ----------- ---------
  Change in visual acuity                                   110            3.29±0.82        112                                                    2.83±0.94   0.001
  Reading newspapers                                        108            4.27±1.08        118                                                    3.65±1.15   \<0.001
  Watching television                                       109            4.37±0.92        117                                                    3.79±1.11   \<0.001
  Seeing at night                                           108            4.31±0.98        119                                                    3.82±1.10   \<0.001
  Driving                                                   94             4.28±1.06        96                                                     3.56±1.20   \<0.001
  Glare                                                     110            4.02±1.09        120                                                    3.36±1.31   \<0.001
  Pain                                                      112            4.33±0.84        118                                                    3.86±1.15   \<0.001
  Foreign body sensation                                    176            4.08±1.08        152                                                    3.78±1.18   0.016
  Tearing                                                   176            4.28±0.85        152                                                    4.04±1.05   0.024
  Redness                                                   171            3.85±0.98        150                                                    3.47±1.21   0.003
  Dry eye                                                   170            4.09±0.95        151                                                    3.44±1.20   \<0.001
  Fulfillment of expectations not to use drops anymore      113            4.09±1.36        116                                                    4.00±1.43   0.6
  Stress caused by surgery                                  175            4.18±0.86        149                                                    3.59±1.12   \<0.001
  Stress caused by follow-ups/treatments                    176            4.36±0.80        151                                                    3.40±1.20   \<0.001
  Difference in number of eye drops before/after surgery    113            2.76±0.51        118                                                    2.73±0.56   0.7
  Difference in number of follow-ups before/after surgery   174            4.36±0.80        151                                                    3.40±1.20   0.2
  Revision surgeries                                        176            0.12±0.43        150                                                    0.67±1.14   \<0.001
  Postoperative mood                                        176            2.30±0.83        151                                                    1.96±0.87   0.009
  Satisfaction with results of surgery                      175            8.09±2.71        152                                                    7.46±2.61   0.034
  Restriction of social contacts                            110            4.54±0.99        115                                                    4.57±0.90   0.8
  Loss of independence                                      112            4.45±0.88        121                                                    4.45±0.88   0.9

**Notes:**

Student's *t*-test, Pearson's chi-square test as appropriate.

**Abbreviations:** n, number of answers; SD, standard deviation.
